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(54) SILICON THIN-FILM PHOTOELECTRIC CONVERSION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize reduction in the cost of a 
photoelectric conversion device, comprising a crystalline silicon 
thinHlIm photoelectric conversion layer, which is formed using a 
low/temperature process by a plasma CVD method, and an increase 
in the performance of the device. 

SOLUTION: A silicon thin-film photoelectric conversion device 
comprises a rear electrode 10, at least one semiconductor 
photoelectric conversion unit 1 1 and a front surface transparent 
electrode 2, which are laminated sequentially on a substrate 1 , the 
electrode 10 contains metal layers 101 and 102 and a transparent 
conductive oxide layer 103, which are laminated sequentially on the 
substrate 1 , this layer 1 03 is one formed by a vapor phase deposition 
method at a base temperature within the range of a temperature of 
100 to 450° C and has crystal grains of a mean crystal grain 
diameter of 100 nm or longer, and the unit 1 1 comprises a one 
conductivity type layer 1 1 1 , a crystalline silicon thin film 
photoelectric conversion layer 112 and an opposite conductivity type 
layer 113, which are deposited sequentially on the layer 103 by a 
CVD method. 



11 



10 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application converted 

registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



<ig>B*nttft* (JP) 02) ^ ^ i^p 1^ & $£ (A) (lDttfWBH&HS^ 

-266027 

(43)£tf§B ¥^11^(1999)9^280 



(5i) intci.' mmn F I 

H0 1L 31/04 H0 1L 31/04 A 



m&m& 4 OL (£ 7 H) 



(21)fflH»# 


4*H¥10- 66546 


(71) USA 


000000941 










(22)tBlSB 


¥J£10*P(1998) 3^170 




AEJffARm^Kf ±S 3 T B 2 # 4 






(72)58K# 










#F*SfiK«^-& 1 - 1 -324-403 






mmmm 


#fHffl «^ 








W5m®WS*"T3TB 3 -26-201 






(72)S£W# 










#FitfHK3tfi#"& 1 TB 2 -W1406 






(74)ftHA 





(54) 5>Un>^»«£ftti£&§Se 



(57) 

mm) ^xvc v DS&c<t ^fifi^n^^^fflii 
4*. asm® i o HM^scflwstifc&iH loi. 

1 0 2 &9m*ttK<HMI 1 0 3 *3f», CCD@?B* 
KttKf kM 103^1 0 0-450 'C<D»Hl*g<DT» 

1 0 0 nm6Lfc©^F*te»l4S**U. *«Sflft^.- * 
h 1 1 ISB9i««aiMUMI 1 0 3±tC77XvCVD 
ffi8cJ:r>r«»«:*ais*ifci#TOJll l l<t, $£H, 

iy y n >*»tt*«^fta i i2t, mmmmm 1 1 




[#fFfi*©$5ffi3 

[ftwasn mLticmxic&mitiitmjBmm. & 

mmmmmmmm-Xicmm § n return t sw^^ttK 
itmm>k&fr> c©aw*«tt»<t»Ji« 1 o o ~4 5 

0'C©ffiBrt©Ti^g©Trx^*U>£ / 'fe 

<fc C>' C V D ?£ © ^ ^ © I, >T tlfrOjsm IC <fc o r 
$nfcfc©T.*,o'C 1 0 0 n m&.±L<D¥-i$Jt£H,%lM%:& 

u 

7XvCVDSK<t-3 tM(Cii$nfc 1 jgHS«JI 

&{bffiS&&$#. 5 0 nm~l umOmZt 1. 5xl 
O-Qc m fcrF©it&in£W-r £ C & 5r#ai t "T £lf5j? 

[ ft*w 3 ] mmytw&mm «4oo •cen r ©T«.a. 

K<DT(C?f5)S;3 tltc $>(DX-%> -> X > 8 0 %fc{_t©ftfiiS§ 
JHb#3s<t . 1-30 . 
0. 5~2 0Mm©©BF*3©JS;?£. ^-©IISffl&C^Tfc 

(110) <DflBbttAEffl9«ftU *©X»s|Sr{c*j 
(2 2 0) WtSxV- V\mSZ> (111) 08ff- 
^©^Sit^O. 2«Tf*-5Ci4!|$®<t-rSif#ra 

1 £ fcW 2 «cfB48©-> 'J n >^S^fcS^&gSg. 

-c$> $ c i -r i *^ 3 ©<,>-m*>©JS 

[0 00 1] 

[»w©«*- *^HjttWK*s^«s^ 
ii,, »(c. %s»zi>mtmxm£ai&m<Di&zix Mb 
t&%m.mK.m?z>i><Dx$>z>. ifefe. *siw«b«(c*j 
i>t, rasas j i rftftAj ©jam*. 8&&fttc#A 

CO 00 2] 

ij a >©£ 5 =» > i &^o*M ; &?<jffl o/c 

^^£g©B3fmS;&iflMT&*>ft-t(,>S. cnt 

>; n JBJtfST 5 C £ «fc ->T^m^^a©ffi 

^©JCCffl^WfifSnrt^. 

[0003] c ©<t ^ &ait ©*£nir> => 



(2) ^¥ 1 1 -2 6602 7 

2 

M©Tffl»£ffl6rt>©:7"a**T?^j£U7c&K:. c©T 
J: o r . «Sfltt»^»*4rt^B#di>tt < X 1 tffilKBK e 

zz(DTMm±< l cMm2i*zt^5^&&%a%tix^ 

h^fc«t->r^:ite^iKEgl{bL/cfe©*Tfflg«:ffi 

Solar Energy Materials and Solar Cells, 
Vol.34. 1994, p.285 (ClBtgS tlX$5 *) . ttc, WS.1. 

Ofck©£TH&IIKffll>&;'j&#'Solar Energy Materia 
Is and Solar Cells, Vol.34, 1994, p. 257 {ClBtg^tl 
Xl>2>. b^L. cn6©Ufn«:fc^Tt, TiftJl* 
tcteftm%£%m<DBmc 5 5 0 -CtLb©J:b®W«:iSSS 
©7'aH2X5r^t?i,^Ci^6. fflt^nf#SSS© 

[0004] mx> $i^M**7x©ss*ffli-^ 
20 -ot. ®nrc^m^^©^ H i^> i J3> 

n>4. A:i*«. ag&>'J3>(!)p i nt&A>6& 
S«BB»a;? h **tf *TO!»a»*Appl . Phys. 
Lett., Vol.65, 1994,p.860«:fEiS£ftTt,>.5„ C©31£ 
l^fta i i> r «. ffiffitC 7*7X?CVD ffi-CW^SH 
3*ifcpSS¥3M*JB. i S!^W*J1. *s 

«fcOfnia^W*JB*>i5tt0. C ft 6©*2»»JB©T^-C 
*««*S»^ 'J >X&ZC L/Tt-^. 
[000 5] Sfc. ^JlB<t-e-©-het&{bffii& ( Z n 
30 O) *DaW«ttM^fc«lJli**tfT*««±«:^y 

ia^^<IS*6*ir*J>5. fcii«#Bg2p3-9 9 4 
7 7 -^#13^7 - 2 6 3 7 3 1 S/c«IEEE 1st World C 
onf . on Photovoltaic Energy Conversion, p. 405 (19 
94) -£>Appl. Phys. Lett., vol.70, 1997, p. 2975 tt £ 

K.*si,*xn&ztixi<>z>. c©«fc-5tc Ti&nmo&m 

ib«5®?:/is3i±€»ci«:«fco-c. ttifbcomcomm^ 
^@t©fflsttc«fc z>%m?>*imi u a>o^)sb^ is ij =i 

[0 00 6] 

x, is- vmt * <o mzttmm&'&is y a >mmzm 
is.Tzctt&ffitcmmx'ibz,. -eur. Timema 

50 «3ft*>*ffiWB©JW5FKJ:-9TH:. S^'J3>I* 



3 

&«)«>-n»£^5raig* s *£. Tiiti/tti 
tamwcmtot Lxm.xL-cLt^> t^^mma^EC 

>©P i ng^7 7XvCV DftfCTM-CMt S 

B£©1#l4l^(Htt*#Jtbfc&©r&oT, #H^& 
S©i»li1£*fi&£KC*lKSJk<fc 5 ZfclbOboyCte 
J5cC>„ SEfc. ZnO^©SB^S14^b^g?:$t?Tit 

[000 8] ±m<o<t:'>rj;Mmffi<DSmt l c&fr. 
*£llf|-> 'J 3>^jSM56S^fee*©iliStiElf^«[rt^ 

[0 00 9] 

ffi. 4>fc < £ t> 1 -JOfiMS^^^ »-> h , *s J; O' 

ma 100-450 •CO^HrtWTffljaKOT-CX/N- » 
^ffi(CJ:orff^$*T,/cfe©T$>oT 1 0 0 nmfcLh© 

i mmmm t . tsasr v y a 6 & s^n^gs 

[0 0 10] T&frt.. #2S0JI#gHJ#e>«. ±^©^f 
©Jg-^tc, T*a«S«c^*n-5)#)S»±©2^«ttK 



(3) 1 1 -2 66 027 

4 

[0011] 

[»WD3t06©JBtt] 0 1 «. ^BJ©m 1 ©JWfiOJB 

•csfsor^s. c©7fem^^g©««i«:«X7 i > 
[ooi2]s«i ±©Kffi^e i o t*. Tia©^i» 

jR (A) £»H$ttttlftfl:M (B) iflOH^tt***. 

10 5tlf#S„ 

(A) Ti. Cr, Al. Ag, Au. CuisMP 
t 6 iitR 3 Mc'PU < £ 1 HLk<D&M * fctt Ctih 

(B) I TO. S i O, :te<fc£>*ZnO#>£>i§JR3ft/t 

< £ 4> i «±©iMb»©Ji**tf a«B»«tt«R. 
[0013] mmmm i o ©±^a i a«, mmfticw- 
ttc\msnmifi^mum.mm.(omm>wi 
mtamex^tsmmT-i'^^^mm.^mi'X^^. c© 
£5t£mmmm\ o©±iiAKfewsfi'x?t«i 

tcmm i ±icsffim@ i o *mm? s *>. s Mtmmm. 
mi o(cg*nsji>ft< £4> i o©B*je«s«:awffl&iHi 

c£#r*S. 

[0014] *«E8Sa- » H 1 ©Tftfe£ LT*0BS 
tl*aW*«tt»f fc»» 1 0 3 « 1 0 0 n m«±©¥i$l 

mumnmm 103*100 •ctt±©Ttasa©T-c^ 
30 (ss n?c mwmimmiwi® 1 0 3 B-tnst^ sss&c 

1 *©^»s^i@iEtcjf^3 nsi < o . 

fc, *£«3(ciSt>iaK©T"?ttTifi*ffil 0K:#Sii€) 
#111 0 2^6#JSJl : 5 L *iS£tS!L.t:Sia^SttK{t^ 
HI 0 3rtfci»A3ti^ 5 T< ^c^»o 36«c, iSS©T"C 
«ffiSt*©Sffi* V-^^^A^7^5rffll,^C£*s-C 
40 *%c^<D-C. 3fc«^fei^S©(S3^ Kb?rS-St:£*5-C 

0 3 z%m?z>m<DTimmt ita. 450 -c«t-c 

[0015] Ste. SBJ^tt^b^JS 1 0 3 £ LT 
«. mi^©fiK (B) OtT^ZnO^i^i-TSI 
i^KjifSL/^ ZnO##(C£f$LA>©«. 
Xh^UiC^Ift^«m<, *©^tMl 0 

•5^©j»7 - 7Xvi4*sR(,i£t^as^e>-cfe*-&„ z 

50 nO*^#i**a9iiS«ttBHUKtt. 5 0nm~l 



(4) 

5 

umOWmPKOmS £ I • 5xiO' 3 Qcm«TOttg 

[0016] mmrnm i o ±cc«, ^ y ^ >^3t«^ss 

a^^hl l^M^n^c CO*IB»^? h 1 1 
CCd**iST^T©*29t*JB^, 4 0 0 # C«T©T»ia 

^xvcvDSiim -®tCct<^o6nri^? 

tf R F ^7 Xvc V D 4ffll»»5<fi. H«S»*s 
1 5 OMH zKT©RFff*6VHF»* TOMiW 

[0017] KMH@ 1 0±&U*, S-T*«fflft^ » 

n nc#£ft*i2S«ss»i i c<d 
immmmi 1 liotw:, fci^asss^^ftt 

/c«^n h*-7*$n/cp^> y rj >mmm%: £&m 
ur b*m^ y ^ > asfcra^BK^ 'J3>*^wf 

ISA fc L < «»^M9K:*ft«*dtfaMSftO^ y n > * 

awewwimc J: * y r«**«o»r * c i 1 

[0018] i 2»n§?>Ji 1 1 1 ±Ktt, i i 

y > k - 7*<?)at*n$(D^ H B B v y ^ 30 
iwb### 8 0 %«±©awsa^ y * »». stfcaaui 

+»«:«iL r ^ 4 ^ y a yimmm&m ^htimz. 

[0019] C(D<fc 5 1 1 2©/l<*tt0. 

5-2 0 MmCDffifflrtK:*^ cn^ B H B l^'J3>^ 

fe, COteSWfcS^SW 112IS400 •CfcTFOffifi 40 

»n«cTtf ec dio) <D«5fcts«EfaH**ru -e© 

XtHHtffcfcWS (2 2 0 ) B«f fcf-^fcfchrs (1 1 

1) gWrtr-^cWftKJtttO. 2«T"C*4. 

[0 0 2 0 ] £ l l 2 1KB, 1 i^M 

/ii 1 1 £\tM&4 ycommmmm 1 1 3 1 lx<ou y 50 



1 1 -2 6602 7 

6 

3>3Htt#tashi. ccommmmmi \3£lx 
it. tc£^mmi^^mmm^^^u>i)S\:^ 

CDM^mMJil 1 3fcoc>T©Cft6©*ftt*iRSW& 

y n >*fc»#s«^ y a>#-rt-f k^miv 
«ap^cc#Hi»*dtrtWSii<o^ y a > s fcB:*©^ 
[0021] c cr, 1 o©3i® 1 A&mmtft 

h 1 1 ©±ffil BCCfct:, ^-(D^- ^ h ©J¥£ <fc 9 

^ 1 fiftit ivj»s aniH(D«ttaiaeiSr*tf»M^ * * * 

t«g«Sn^ 0 Sfc. »ffi«Sl0©±Hl aw 

mar? * r^mm^m-r^m^, ? v 1 

&mmt* mmmmi o<Dtti£tb^xm2X3&rf^ 

/N*<ttS. Ctitt, hi lfc^Sft* 

r, h 1 l©±HBft )£S5H©ifc6 

[0 02 2] *«E» * M 1 (Dmm&mT 
tc, I TO. SiO, tei?yZnO*>6jatRStifcl« 

£ft£ 0 36&c, c<Dfrs^ffi2±o^y * p«C3i 

It, A 1 , Agr, Au, Cufc^P t frfciltRSft 

5 0 c<z>«fc5ft^y3>3g»is*^e^aK:*5^r, 
*»SH» ^n^^*4 »am M am® 2 e> saw 3 

t\Z>o 

[ 0 0 2 3 ] m 2 tt, 2 <DSSS6©»««: <fc * 

jr > fAlf y 3 >^iKl^^?:iSK^STl 
0r0«UTU€>o 02©^>f r AM7fe^^SCC*5 

CiTtt, Hl<Disi^i|5iaK:»fil±(D«»©«2 0 1 
-2 0 3*J<fcff2 1 1-213^ S10S«l±cr)S 
g[CDil 0 1-10 3to«tCfl 11-11 3lCttlfcLX 
Bacc»j«SftS. L*L, 12 0)^>fAS)61^ 

Kaccfc^T«, m 1 (oytm^tk^ ^21 ±ctM*a 

r^2<D*^»^^y h2 2*5S6Kl^3ti4. ^ 
2 ©#*£tfc:i^ » h 2 2 li % 01 ©3l6fKffc3L - ^ h 

2 1 ±cc«Ksws*ifc 1 a9*st©aiea*fc«^faR 

OV';3>SII22 1 t Sa»(cXtt*8frC*5# 

a«v y 3 >j6»k*^«w 222. *$ 

©«RISa*fctt#ftK©^ y ^ >*W«2 2 3 



(5) 



[002 4] 

[0025] (mmmi) mi&^misxmwztitcm 

xmnw 1 1 l tcpr $ n/co c <ommm i «c*$ i >t 

iovTsW&l i ±&casms i o ftsj&jss n/c 0 
«ffi i o ioo •c©Tajas<o*fl : <DTrjiH^cc* 

m$ti/c/¥5 2 OnmCDT iilO K I3300nm 
©Agil02, fc^O'f^lOOnmOZnOilO 

^o*«a8yii i 2, fcctypaii i 3^7X7 

1 1 ±<Diiu®^©2 t OXitmS 8 0 n m<Dj§HJzf mtt 20 

[0 02 6 ] kmh® 1 0 ec$sti«sra««ttBtfbn 

r^l>ZnOll03«, RFXA^ JzoTitfa 
£i±£>n/e 0 C©<fc*0*^*##feft<fcUTra % Ar£> 
TsrtvZH'A* 3xiO" 3 Torr <DHJj » 8 5 0 mW 
/cm 2 <DRF /<-7-*flL fc<fcO*3 0 0°CCDTft6^a 
»6n/c 0 f#WcZnOI10 3», 180/im 
CD^fitSi, 8. 7 x 1 0' 4 Q cm©Jtffitrt*WL/T* 



1 1 -266 02 7 



8 



[0027] g/c, h 1 1 tc^^n^y 

> f - ^om&mytngmm 112^300 •cortta 

EEOT-CRF^XvCVDffiCCjioritasn. -eo> 
BW«3. OmnteSftfc. C(DttSM56S^fftBl 1 

*3R*»a«2. 3^%r^0, XIBiaJrCCfcWa 
(2 20) @Jrfcr-^5C»-rS (111) HIJTtr-^CD 
SftttJtttO. 0 8 4r*^/c 0 

[0028] c<dx^ temmm 1 occt sftttseg&gBec 

A*Bfe4<hbTAM 1 . 5©^10 0mW/cm l <D 

#0. 53 1V, jStt^SSffiEE^ 2 6 . 6mA/c 
m 2 , ft«S^7 6. 8%, *UtS»»*&si0. 
8%T'&o/e 0 

[0 02 9] <3W«2--6feJ:CKIt««l--2) MM 
m2^6te£&ttMtm 1 ~ 2 CCfc^Ttt, R F X A * 2 
fficc «fc 0ZnOH03 *JBfiS-r 4BR©Ti6jaffi*i«^ 

z n ojg i o 3 (DW-^mamktasm. maxf >; * 

>3R3e*SE»l 1 1 2 <DX«aSrCC*5»* (2 2 0) HI 
(ill) H*rtr-*<DJt. &J:t>7fc 

[0 0 3 0 ] 



No. 


ZnO& 


ZnOjg 


ZrtOjg 




















xtmvt 












S& 


&@ 
















CC) 


(nm) 


(Ocm) 


(111V(220) 


(V) 


(mA/cm 1 ) 


(%) 


(*) 


SSifcflll 


300 


180 


8.7X10"* 


0.084 


0.531 


26.6 


76.8 


10.8 




100 


100 


t^XlO' 3 


0.20 


0.509 


26.1 


75.5 


10.0 


H*«3 


150 


130 


1.2X10* 3 


0.14 


0.518 


26.5 


76.1 


10.4 




200 


ISO 


9.6 XIO" 4 


0.098 


0.529 


26.5 


76.3 


10.7 




400 


240 


7.8 XIO" 4 


0.072 


0.533 


27.0 


76.8 


11.0 




450 


270 


7.5 X10" 4 


0.085 


0.514 


26.9 


76.6 


10.6 




50 


70 


1.9 X10" 3 


0.28 


0.484 


25.1 


74.2 


9.0 




500 


290 


7.4X10* 4 


0.22 


0.467 


26.0 


75.2 


9.1 



[0 0 3 1 ] m #©i±$£m <fc 5 Zn 

OKI 0 3©ff2Ji£Sg#5 0"C©<fc5K:ffil,>*§^K:tt. 
¥*3lftftttSrtVh3 < -CtbffiinfeS^ffio a 0 {4©Z nOl 

1 1 2©X«@*f{C*jWS (111) 
/ ( 2 2 0 ) HJre- *Jt < ng»eGJttfc«T 

©ft«*m©Z nOl 1 0 3<Dmims,m&migLx^ 

i>C tJ55*5^-5o £t&#ll©ZnOMl 0 3 



ttJcjBig»*Rt«-iii»tti!i^iftrt^»#»^< §sn 

^WH-e^^B^t.^^i^K:. ZnOMl03©i 
ftmm.^ 1 0 0 •Cfc*_h-C$>iT,« l Z n OB 10 3 ©¥i$ 

a® ^ y3>n 12 ©itsaiefattrtsfaJb-r siit 

50 K. 7£S^^g©^^tl**>K#Sn-C 



(6) 

9 

[00 3 2] ftftfj. Jt&n2ft>&t>*>&<fc9«:. ZnO 
Ml 0 3 <DBf8M&& 5 0 0 "CCD J: 5 (CiU 

S->V=»>M1 1 2 ©D a a ftfc«fc C«E«»ft««©3E!!«& 

ZnOH03 t l t*n&M&&®t£W£&m*:&f&-?Z> 

igS©~FCtt. ZnOll03©T®OAglil0 2Ai 
6*MJHT-JWt»0-ClSft»i'y3>lll l 2rt^A 

$*i*>-*-< 5 o oxjoi^^jsaso^ 

a-fe*-C«, SgS->'j3>Il l 2CD n D 0 S<h«ii:SKI 
&U&t,>4>©©, filfcntOV-y^-f A^XClSl 
£fl,>5C<!:A5^%^©T. :£«^&£IS©{S=>X h 

{0033] JiLt©a&a>6. SffiS® 1 0 <P<D&W& 

SKW, 1 0 0-4 5 0'C©®HF*3«:*-SC<t*ijf?*U 20 

SjSBjjagmt^b^H 103iUZn OM*iX^- y * 
ffirfl&jKShfc**. inilfyKUt (B) iurwi^ 
£ftfcffe©#^#m>6*vr&J:< . x/-cv*ffi 

[0 0 3 4] (»im> H2**JB0TttrcS*lfc* 

mi<DW2 <Dmm<DBWncKtmLx. mrnwi turn 
> fAS*i^if«s? nfc. c 7 © * 

S20 1-20 Sfciu^ l l ~2 l 3#. mmWio 
Mfc-?Z>mm 101-10 3*><fct>* lll~113iH 
mfcBl&Ztitc. L-*>U JIJg{«13©^>7 :: AM^^ 
J^HtCfcl^Ttt. mi<D%M£&3.~v b 2 1±(C. 
S20*§^^^ h2 2#i*£>{aSJB<**afc. C© 
*2<D^S^ft3.- -^2 2(1 nMJ12 2 1 . 
->|J3>^S^)12 2 2. fc<fct>*pMJI2 2 3£^ 
^<,>S. #«Wfe*g8Wi2 2 2©J*3tt. 3 00n 
mic£*ifc„ t2©3WS«ai» F2 2±tctt, SHJfe 



1 1 -266027 

10 

[0 03 5] c©J: 5 ttSCJfeM7 cci: S^HBi-- y a> 

Atfcfc4 <t L»T AM 1 . 5©Ml0 0mW/cm ! © 

I. 4 0 V. 5£*&mi£ffifi# 1 3 . OmA/cm' . ft 
^H^-*S73. 3%. *l/-C^gSS»**ll 3. 3%t?& 

[0 03 6] «±<DJ: Mt. #*5UC«fc*i«. SffiftS 
[HBOflltt&Silin 

[si] #isss©srr 1 omMom^ic^i^w^'j => 
>^W)R^m^^g©-w*^-r«^fl < j^»rii0-cs» 

[12] *^©»2©HSfi©^S(cJ:S#SH'>y3 
>/fi B a H S^ y 3 >M©# >7*A§Bfc^&«E©— w 

1 : 

2 : mmmw&mtm 

3 : 

4 : Jffitttfc 

io, 20: mmnm 
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III. 211. 221: nil 
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